To assess the histological response of damaged osteochondral tissue in the femoral condyles of rabbits after repairing the wounds with sugar cane biopolymer gel -compared to the control group.
Introduction
Tissue engineering has been defined as an interdisciplinary field that applies the principles of engineering and the life sciences to the development of biological substitutes that restore, maintain, or improve tissue function 1 .
Various materials have been developed as scaffolds for tissue engineering, including metals, ceramics, and polymers 2 .
Among various biomaterials, great importance has been given to polymers which, according to the National Association of Biosecurity, are classified structurally as polymeric materials, such as polysaccharides, polyesters or polyamides [3] [4] [5] . Biocompatibility and biodegradability should be pursued with greater efficiency in every material used 1, 2 . Biopolymers are obtained through renewable sources of carbon, such as carbohydrates derived from sugar cane (Saccharum officinarum L.), corn, potatoes, wheat or beetroot [6] [7] [8] [9] [10] [11] [12] . While looking for new advances, an extracellular polysaccharide was obtained by fermenting sugar cane molasses using the microorganism Zoogloea sp, which had already been identified in the department of antibiotics at the Federal University of Pernambuco (UFPE). The biopolymer synthesized by this bacterium has the physical characteristics of purity, elasticity and flexibility 1, [13] [14] [15] [16] . It showed low cytotoxidity and biocompatibility in experimental studies 17 . Several biological and synthetic materials, including polymers have been applied in osteochondral tissue as reparative substrate due to their low regeneratival capacity [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . The aim of this study was to analyse the histology of the osteochondral defects produced in the femoral condyle of rabbits, which had been filled with sugar cane biopolymer gel (SCBG), after 90, 120
and 180 days, as compared with a control group.
Methods
They were provided by the vivarium of the Center for 
Surgical technique
The rabbits underwent general anaesthesia with 5% ketamine hydrochloride in a dosage of 50 mg/kg, associated with 10% chloral hydrate in a dosage of 0.5 ml/kg and complemented with local anaesthesia: 5 ml of 2% xylocaine diluted in 9 ml of distilled water.
After asepsis of the surgical area, a medial patellofemoral incision was made, followed by an arthrotomy and lateral dislocation of the patella to get a better view. With the knee bent, each femoral condyle was exposed and with the aid of metallic trephine, osteochondral defects of 3. 
Histological analysis
The anatomical specimens were resected after having been immersed in Bouin's solution for 48 hours, then decalcified using a solution of 8% hydrochloric and formic acids in equal amounts for 48 hours, which then was followed by the usual histolic techniques of dehydration, bleaching, sizing, staining and embedding in paraffin.
Cuts with microtome using a Leica microtome RM 2125
RT, were made along the sagital axis of the distal femur, from 4 to 7 µm, and stained with hematoxylin-eosin and Masson's
tricrome. An Opton ® optical microscope Opton ® was used, with magnifications of x40, x100 and x400, for qualitative and quantitative analysis of the cellularity in the histological sections of each animal in both the study and control groups.
Morphometric analysis
For each tissue analyzed, five random fields were studied, with magnification of x400, totaling 20 fields per group studied.
Photographs were taken using a Motic 1000 ® camera attached to the Opton ® optical microscope and stored in the image analysis software -Motic Images Plus ® .
After obtaining the photographs, a morphometric study was conducted and the density of giant cells in each field evaluated, the count being made automatically using the Mesurin_ Pro ® software. Density was defined as the number of cells per area in µm². Mean densities of each histological section were taken for comparative statistical study.
Statistical analysis
For the statistical analysis the number of giant cells present was quantified in each microscopic field of the histological sections obtained after 90, 120 and 180 days, for the study group.
The mean, median and standard deviation were calculated and the nonparametric Kruskal-Wallis test was applied for comparison between the averages found at each period. 
Results
The result of counting the number of giant cells in each microscopic field of the histological sections at 90, 120 and 180 days, for the animals in the study group, is found in Table  1 . Histological analysis was performed by using the qualitative method and the variables related to the nature of the repaired tissue were evaluated. 
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Results of the histological analysis of the study group after 90 days
In Figure 1 , a chronic inflammatory reaction with a foreign body bypassing the SCBG is shown. The cellular elements were predominantly monocytes/macrophages, lymphocytes, giant inflammatory cells and, to a lesser extent, neutrophils. Besides this cellular composition, a reaction of the foreign body type in the form of giant cells was seen to be in contact with the SCBG. 
Results of the histological analysis of the control group after 90 days
In Figure 2 , an intense fibrous reaction, with vessels and complete closure of the lesion is observed without the presence of cells characteristic of the inflammatory process. 
Results of the histological analysis of the study group after 120 days
In Figure 3 , a chronic inflammatory reaction of the foreign body type is observed bypassing the SCBG. The predominant cellular elements are monocytes, macrophages, lymphocytes, giant cells and, to a lesser extent, neutrophils. Besides this cellular composition, there is the presence of SCBG phagocytized by giant cells.
FIGURE 3 -Photomicrographs of a histological section analysis of the group under study 120 days after the defects were filled (A, B, C and D). Observe giant cells with SCBG inside them and macrophages and lymphocytes (C and D).

Results of the histological analysis of the control group after 120 days
In Figure 4 , intense fibrous reaction with vessels and closing of the defect is found without the presence of characteristic cells of the inflammatory process. 
Results of the histological analysis of the study group after 180 days
In Figure 5 , the presence of giant cells indicates a reaction of the foreign body -SCBG -implanted. The giant cells rest on the fibrovascular structure.
FIGURE 5 -Photomicrographs of a histological analysis of the group under study, 180 days after the defects were filled (A, B, C and D).
Observe the presence of SCBG within the giant cells.
In Figure 6 , the intense fibrous reaction, with vessels, is noted, thus characterizing a healing reaction with complete closure of the lesion produced. . However, in this study we found no characteristic granulomatous reaction, even with reaction mediated by giant cells, mononuclear leukocytes and neovascularization.
As above fact may be explained by the infiltration of inflammatory cells in the biopolymer once with 90, 120 and 180 days is difficult to find typical granulomas.
In a study of bone repair in the nasal dorsum of capuchin monkeys with castor beans biopolymer the presence of inflammatory cells and foreign body was not found after 270 days of surgery 36 . However, this fact can be explained by the longer time compared to ours which was no longer than 180 days.
Research on biopolymers of chitosan based with or without hydroxyapatite showed fibrosis in the study group and intense cellular reactions, represented by fibroblasts, osteoblasts and osteoclasts with only 30 days after surgery 37 .
In this research, the fibrosis was observed only in the control group, however, the evaluation period differs from the author above.
The evolution depends on whether the implanted biopolymer acts only as a foreign body or whether it also acts as an immunogenic material. In the first case, there is the formation of a fibrous capsule surrounding the material, isolating it from the body. In the second, there is intensification of the inflammatory reaction and rejection of the material. The results showed that few lymphocytes were present, and did not show any cell destruction, though they did present a reaction mediated by giant cells 1, 2, [30] [31] [32] [33] [34] [35] .
When analyzing the results, inflammatory cells with giant cells and mononuclear cells were found at 120 and 180 days.
This persistence leads to the belief that there is a peak time for the inflammatory reaction with subsequent decline after the defect The study found that the highest average number of giant cells was observed in the study group at 120 days (5.75), and the lowest at 180 days (5.05). Moreover, the highest median was also found in the study group at 120 days. The largest deviation was observed in the study group at 120 days, indicating that this is the time which has the greatest dispersion in the number of giant cells.
Even after noting these differences in the mean number of giant cells, in the three periods studied, the mean comparison test did not appear significant. 30, 31 .
In addition to the features previously cited, bone substitute scaffolds they must mechanically sound, have porous structure, be economical to make, and allow easy fabrication into the final preforms 39, 40 .
The main limitations of natural polymers are their low mechanical strength and somewhat unpredictable degradation rate.
In contrast, synthetic polymers can be engineered to degrade at a tightly controlled rate and can exhibit mechanical and compressive strength similar to bone However, as they are synthetic, these polymers can elicit an immune response and the by-products of degradation are acidic, which can lead to inflammation 30, 31 .
Bone substitute development is a multidisciplinary research field, and significant improvements in current options, and new developments, are likely to increase our basic understanding of the underlying principles 41 .
Thus, although there is no a general consensus that there is yet no entirely satisfactory filling material for osteochondral defects, The use of biomaterials, such as biodegradable and bioabsorbable polymer, has an increasing role in the medical therapeutic arsenal
42
.
The sugar cane biopolymer is classified as a natural biomaterial derived from a bacterium and showed no rejection during the study period, therefore, can become a future option in the repair of cartilage and / or bone tissue.
Conclusions
The application of sugar cane biopolymer to fill the osteochondral defects produced in the femoral condyles of rabbits, led to an inflammatory reaction mediated mainly by giant cells.
In the control group, where the defects were not filled, there was fibrotic scarring with low presence of cells characteristic of the inflammatory process. There was no rejection of SCBP during the study period, but more research is needed in order to elucidate other possible properties of said biopolymer, eg, mechanical properties, porosity, osteoinduction capacity and others.
